Studies clearly show that the chick can grow and develop when fed diets in which all the nonprotein energy is derived from lard or soybean oil.
Recent studies indicate that normal early growth of chickens may be obtained when purified diets are fed in which virtually all of the nonprotein energy is provided as lard or soybean oil (1, 2) . Soybean oil fatty acids were also found to be as effective as soybean oil (1) when glycerol or glucose is supplied in the diet in an amount re quired for theoretical conversions of fatty acids to triglycÃ©rides.However, when no glycerol or glucose is supplied, the soybean oil fatty acids depressed growth. Brambila and Hill (2, 3) found that feeding soy bean oil fatty acids as the sole nonprotein energy source produced severe growth re tardation, incoordination and leg paralysis, whereas supplementation of this diet with 6% glucose stimulated growth but did not prevent development of foot and beak ab normalities.
Although these studies clearly show that the chick can grow and develop when fed diets in which all the nonprotein energy is derived from lard, soybean oil or soybean fatty acids, no information is available on the utilization of other oils as sole nonprotein energy sources. The present studies were conducted to obtain information on the utilization of lard, corn oil, unseed oil and menhaden oil as sources of energy in virtually carbohydrate-free diets. Since Un seed oil and menhaden oil contain rather large amounts of very unsaturated fatty acids and were to be fed at extremely high levels in the diets, it was interesting to observe if large amounts of these polyunsaturated fatty acids would be deposited in the carcass lipids. Thus, the effect of diets on body composition and on the fatty acid composition of the lipids from several body compartments was investigated.
EXPERIMENTAL Single-comb White Leghorn cockerels were used in these experiments.
The day- old chicks were individually banded and weighed at weekly intervals during the course of the experimental period. Two pens of 10 chickens each were fed each experimental diet in the two experi ments that were conducted. The chickens were housed in electrically heated battery brooders with wire mesh floors. Feed and water were supplied ad libitum, and feed consumption was recorded. The composi tion of the basal diet used in both experi ments is given in the diets isocaloric in metabolizable energy on a weight basis.
The fatty acid compositions of the lard, corn oil, menhaden oil, and linseed oil used in this experiment as determined by gas-liquid chromatography are presented in table 2.
The chickens in experiment 1 were reared to 8 weeks of age and in experiment 2 to 6 weeks of age. In experiment 2, five chickens from each dietary treatment were killed at 21 days of age and samples of liver, thigh muscle and adipose tissue (next to the gizzard) were taken for lipid fatty acid analysis. Five other chickens from each dietary treatment were killed at 25 days of age, after a 12-hour fast, and im mediately prepared for total carcass analy sis (homogenized with an equal weight of ice) for moisture, protein (nitrogen X 6.25), lipid (chloroform-methanol ex tract), ash, and fatty acid analysis of the lipid extract.
The lipids were extracted from all samples by the method of Folch et al. (4) . The methods used for preparing methyl esters, gasâ€"liquid chromatography and qualitative and quantitative identification of the fatty acids have been described by Nugara and Edwards (5) . The composi tion of the methyl esters was determined by gas-liquid chromatography. The quan tity of lipid present in a sample was deter mined by weighing an aliquot of the chloroform-methanol extract from which the solvents had been evaporated.
Nitrogen, moisture and ash were deter mined utilizing AOAC (6) methods. Sta tistical analysis of data was by an analysis of variance used in conjunction with the multiple range test of Duncan (7).
RESULTS
None of the groups of birds that re ceived the carbohydrate-free diets grew as well as those receiving their energy pri marily from glucoses monohydrate in ex periment 1 (table 3). The birds that re ceived menhaden oil as the major source of energy actually showed a loss in weight of approximately 4 g per bird during week 1; however, they were all alive. By the end of week 2, 11 of the 20 birds receiving menhaden oil were dead and all were dead 3 SEM= pooled standard error of the mean. of 10 after 3 weeks. Gross pathology from au topsy at time of death showed extreme emaciation. Even though the diets con tained vitamins A and E and an antioxidant, this high mortality might be due to oxidation of the lip id in the feed; there fore, in experiment 2 all feed was stored in a refrigerator and fresh refrigerated feed was fed daily. Any food which was not eaten in 24 hours was discarded. The results of the growth phase of experiment 2 (table 3) indicate that this refrigeration procedure was effective in reducing mor tality in all treatments and especially in preventing the high mortality in the men haden oil-fed group. However, as the data in table 3 show, the rate of growth of the chickens receiving the carbohydrate-free diets was again slower than of those re ceiving glucose monohydrate in the ration. The influence of feeding the various carbohydrate-free diets on the total car cass composition of 25-day-old birds is shown in table 4. The carcass of the birds fed the menhaden oil diet had a signifi cantly greater amount of moisture than all other treatments. The menhaden oil had lower lipid content followed by the linseed oil, glucose, corn oil, and lard in that order. The protein content of the men haden oil-fed chickens was also low; al though not significantly lower than the corn oil group, it was significantly lower than the protein levels of the chickens fed the other diets. No statistically significant differences were noted in the ash content of the carcasses from the various treat ments. The fatty acid composition of the total carcass lipids was very different for the various treatments and, in general, re flected the fatty acid composition of the oils fed. The amounts of palmitic acid in the carcass lipids ranged from a low of 11.6% in the linseed-fed group to a high of 29.2% in the menhaden oil-fed group. The chickens fed corn oil or linseed oil contained significantly less palmitoleic acid in their carcass lipids. The level of stearic acid was significantly lower in the carcass lipids of the chickens fed corn oil or glucose. Oleic acid was highest in the carcass lipids of chickens fed the glucose or lard diet. The linoleic acid content of the birds fed corn oil as the nonprotein energy source was more than twice as great as any other group, whereas the level of linoleic acid in the lipids of chickens fed the menhaden oil was significantly lower than all other groups and was only onesixth of the corn oil-fed birds. The linolenic acid level was extremely high in the birds fed linseed oil. No differences were noted in the level of arachidonic acid in the total carcass lipids of the chicks fed the various diets, and only the menhaden oil-fed birds contained measurable amounts of fatty acid with greater unsaturation or longer chain length than arachidonic acid, ex cept for a small amount of eicosahexenoic acid in the lipids of the linseed oil-fed birds.
The data on the fatty acid composition of the lipids from the adipose tissue are presented in table 5. The birds fed men haden oil had very little adipose tissue and the sample taken contained considerably less lipid than the adipose tissue from the birds fed the other diets. The level of both palmitic and stearic acid is very low in the adipose tissue of the birds that received their nonprotein calories as corn oil or linseed oil. This de crease in saturated fatty acids could be accounted for by an accompanying in crease in the level of linoleic acid and linolenic acid in the adipose tissue of the birds fed corn oil and linseed on, respec tively.
The fatty acid composition of the liver lipids shows striking differences from those obtained from carcass lipid or adi pose tissue lipid analyses (table 6). Rela tively large amounts of stearic acid are present in the liver lipids of chickens from all dietary treatments. The linseed oil-fed birds show the highest level of stearic acid in the liver lipid, but have the lowest level of palmitic acid. The liver lipid from the menhaden oil-fed group has the next highest level of stearic acid and the highest level of palmitic acid. The oleic acid level of the liver lipids in chickens fed the men haden oil was very high; this is especially interesting since menhaden oil actually contained less oleic acid than any of the fats fed. The level of linoleic acid in the liver lipids reflects the level of this acid in the fats fed; however, the liver lipids of the linseed oil-fed birds contained ap preciably more linoleic acid than linolenic acid even though linseed oil contains twice as much linolenic acid as linoleic acid. Measurable amounts of eicosatrienoic acid were present in the liver lipids of the birds fed the glucose, lard, and menhaden oil diets whereas no detectable quantities were present when the birds were fed corn oil or linseed oil. There was no significant difference in the arachidonic acid level of the liver lipids of the birds fed glucose, lard, or corn oil. The birds fed menhaden oil contained the smallest amount of ara chidonic acid; however, their liver lipid contained significant amounts of eicosapentaenoic acid, eicosahexenoic acid, docosapentaenoic acid and docosahexenoic acid. The birds fed Unseed oil also had a relatively small amount of arachidonic acid but they contained significant amounts of eicosapentaenoic acid.
The fatty acid composition of the muscle lipids (table 7) was very similar to that of the adipose tissue. There were more 20-carbon fatty acids with three or more double bonds present in the muscle lipids, particularly of the chickens fed the men haden oil. 
DISCUSSION
A complete explanation of the poor growth obtained when menhaden oil was the sole nonprotein energy source is not available. The storing of the experimental diets in the refrigerator and daily feeding was effective in lowering mortality and stimulating growth rate. Alexander (8) reported that daily preparation and feed ing of diets containing used frying fats gave results superior to nonrefrigerated diets containing the frying oils that were prepared and fed weekly. Although linseed oil and menhaden oil are both easily oxi dized, it was interesting to note that the linseed oil did not cause the slow growth and mortality that the menhaden oil did, but appeared to be as satisfactory as the corn oil and lard. It is possible that the menhaden oil problem is more complex than just oxidation of fats and the result ing loss in vitamins. The large amount of polyunsaturated fatty acids present in the menhaden oil may be creating an essential fatty acid deficiency, since Edwards and Marion (9) showed that feeding menhaden oil in the diet inhibited the conversion of linoleic acid to arachidonic acid in the chicken. Also, Roland and Edwards (10) have shown that menhaden oil as the sole source of nonprotein nitrogen calories will not stimulate egg production in the laying hen, yet causes no mortality or visible symptoms of distress in the hens.
The chickens fed the carbohydrate-free diets did not grow as fast as those receiving the glucose + 4% corn oil diet in the present studies. Brambila and Hill (2, 3) also did not obtain as fast a growth rate with chickens fed carbohydrate-free diets as with those receiving substantial amounts of energy from glucose, although Renner (11) and Renner and Elcombe (1) ob tained equal growth rate from chickens fed carbohydrate-free diets. It is possible that equal growth rate was not obtained in the present studies due to the fact that the diets were isocaloric in metabolizable en ergy on a weight basis. Renner (11) and Renner and Elcombe (1) had a constant calorie/protein ratio and isocaloric diets on a volume basis, whereas Brambila and Hill (2, 3) had a constant calorie/protein ratio and then added "enough cellulose to give a mealy texture to the diets." Thus the concentration of metabolizable energy and protein was actually greater in their diets on a weight basis.
While there were significant differences in the total carcass composition of birds fed the various diets, these differences were not of very great magnitude, es pecially if one does not consider the men haden oil-fed birds which were very thin and emaciated. However, the fatty acid composition of the carcass lipids varies considerably, and the similarity of the fat in the glucose-and lard-fed birds and the corn oil-and Unseed oil-fed birds is strik ing. The total carcass lipids of the men haden oil-fed birds probably contained relatively small amounts of neutral lipids with the result that a phospholipid type of fatty acid composition resulted, con taining large quantities of saturated fatty acids and long-chain polyunsaturated fatty acids. The chickens fed the corn oil or linseed oil showed an extremely low level of saturated fatty acids, the total being only 22.5% and 23.6% , respectively. Also, the level of monoenoic fatty acids was low in the carcass lipids of birds fed the corn oil and linseed ou, and the increased quan tities of linoleic and linolenic acid in the lipid appeared to be displacing both sat urated and monoenoic fatty acids in the carcass lipids. It is interesting that the feeding of lard produces a carcass fat al most identical to that produced by syn thesis of fatty acids by the chicken plus a small quantity from the 4% corn oil that was fed.
A comparison of the fatty acid com position of the lipids of adipose tissue, liver and muscle, would lead to certain speculations as to the control of fatty acid synthesis. The very low quantities of sat urated fatty acids present in the adipose tissue of chickens fed corn oil or linseed oil probably indicated that there is very little synthesis of fatty acids in these tis sues and that synthesis is probably in hibited by the presence of such large amounts of di-and trienoic acids. How ever, the liver lipids of the same chickens contain large amounts of saturated fatty acids but extremely low levels of mo noenoic acids, suggesting that although synthesis of the carbon chain of the acids is not inhibited in the liver, the desaturatÃ-onof palmitic to palmitoleic and stearic to oleic is either severely inhibited or the monoene is removed from the liver after synthesis. The muscle lipids more closely resemble the adipose tissue lipids in the fatty acid composition. The origin of the large amount of oleic fatty acid in the adipose tissue of the chickens fed corn oil or linseed oil is intriguing in view of the low level of stearic acid. Whether this represents total synthesis of oleic acid in the adipose tissue, or a selectivity in con centrating this acid there after it was ab sorbed from an exogenous source or syn thesized at some other place in the body, is unknown.
